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FUNCTIONAL MAGNETIC RESONANCE IMAGING GUIDED 
TRANSCRANIAL MAGNETIC STIMULATION DECEPTION INHIBITOR 



Cross Reference to Related Application 

5 This application claims the benefit of priority from U.S. Provisional Patent 

Application No. 60/396,054 filed July 15, 2002, herein incorporated by reference. 

Background 

Deception, defined herein as the purposeful misleading of another, is common. 

10 People often mislead others to gain an advantage or to protect themselves or others. 
There are many military, legal, political, and industrial settings where society could 
benefit from an accurate method for detecting deception. A variety of technologies and 
approaches have been developed icrthe area of deception detection. 

Presently, there are a number of lie-detection testing techniques that use 

15 polygraph devices. All of the devices examine the peripheral autonomic response to 
relevant versus irrelevant questions. For example, present day polygraph devices 
record electro-dermal skin conductance in addition to changes in blood pressure, 
respiration and peripheral vasomotor activity. Whenever a greater autonomic response 
to the relevant questions versus the irrelevant or control questions is recorded, this data 

20 is interpreted as an attempt to deceive by the individual that is being tested. 

Polygraph devices have several significant limitations, including the ability of 
test subjects to develop countermeasures to the techniques that are utilized to detect 
deception. An additional problem with polygraph devices is that they do not posses the 
capability to test for a subject's deception but rather measure non-specific peripheral 

25 changes in the arousal of the test subject. The substantive predictive value of the 
polygraph has been found to be poor in many screening and investigative situations, 
and scientific evidence regarding the polygraphs validity is significantly lacking. 
Despite these and other shortcomings, the polygraph continues to be used widely in job 
screening and criminal investigations. 



WO 2004/006750 



PCT/US2003/021660 



2 

Various other techniques have been investigated to predict deception; all of 
which use measurement of peripheral arousal responses. These techniques include 
measuring papillary size response to visual stimuli that are mock crime scene related, 
using voice analysis, facial and hand movement cues to identify subjects who are lying 
5 or being truthful, observing verbal cues to detect a true life tale versus a fabricated one, 
attempting to detect deception in and out of hypnosis, and using high-definition thermal 
imaging techniques to detect periorbital changes in people trying to deceive. One of 
the few methods to measure actual brain activity to detect deception involves 
examining the amplitude of the P300 component of event-related brain potentials. 

10 Even if it proves effective, however, this technique has limited utility since it is only 
applicable when attempting to detect guilty knowledge. 

There is a deficiency of knowledge in regard to the neurobiological or brain 
basis of the polygraph. This is shortcoming has lead to advances in functional brain 
imaging. Researchers, using functional MRI and Positron Emission Tomography 

15 (PET) have successfully delineated the brain changes involved in response inhibition 
(e.g. Go/No-Go tasks), divided attention, anxiety, emotion-related learning with reward 
and punishment, and differentiating components of cognitive breakthrough. 

Very limited techniques have been developed to actually inhibit deception 
rather than merely detect it. One such approach is the use of amobarbital sometimes 

20 referred to as "truth serum." This is a pharmacologically based method for inhibiting 
deception. The exact regions and mechanisms of how amobarbital does this is not 
known; however, amobarbital provides a mechanism for effecting the specific 
behavioral change of inhibiting deception. 

Transcranial magnetic stimulation (TMS) techniques have been developed over 

25 the years to achieve a variety of motor and behavioral changes in subject individuals. 
Such techniques have heretofore not been applied to the inhibition of deception. For 
over a century, it has been recognized that electricity and magnetism are interdependent 
(Maxwell's equations)(Bohning, 2000). Passing current through a coil of wire 
generates a magnetic field perpendicular to the current flow in the coil. If a conducting 
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medium, such as the brain, is adjacent to the magnetic field, current will be induced in 
the conducting medium. The flow of the induced current will be parallel, but opposite 
in direction, to the current in the coil (Cohen et al., 1990; Brasil-Neto et al., 1992; 
Saypol et al., 1991; Roth et al., 1991). Thus, TMS has been referred to as 

5 "electrodeless" electrical stimulation to emphasize that the magnetic field acts as the 
medium between electricity in the coil and induced electrical currents in the brain. 

TMS involves placing an electromagnetic coil on the scalp. Subjects are awake 
and alert. There is some discomfort, in proportion to the muscles that are under the 
coil, and to the intensity and frequency of stimulation. Subjects usually notice no 

10 adverse effects except for occasional mild headache and discomfort at the site of the 
stimulation. High intensity current is rapidly turned on and off in the coil through the 
discharge of capacitors. This produces a time- varying magnetic field that lasts for 
about 100-200 microseconds. The magnetic field typically has a strength of about 2 
Tesla (or 40,000 times the earth's magnetic field, or about the same intensity as the 

15 static magnetic field used in clinical MRI). The proximity of the brain to the time- 
varying magnetic field results in current flow in neural tissue. The technological 
advances made in the last 15 years led to the development of magnetic stimulators that 
produce sufficient current in brain to result in neuronal depolarization. 

A striking effect of TMS occurs when one places the coil on the scalp over 

20 primary motor cortex. A single TMS pulse of sufficient intensity causes involuntary 
movement. The magnetic field intensity needed to produce motor movement varies 
considerably across individuals, and is known as the motor threshold (Kozel et al., 
2000; Pridmore et al., 1998). Placing the coil over different areas of the motor cortex 
causes contralateral movement in different distal muscles, corresponding to the well- 

25 known homunculus. TMS can be used to map the representation of body parts in the 
motor cortex on an individual basis. Subjectively, this stimulation feels much like a 
tendon reflex movement. Thus, a TMS pulse produces a powerful but brief magnetic 
field which passes through the skin, soft tissue and skull, and induces electrical current 
in neurons, causing depolarization which then has behavioral effects (body movement). 
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Single TMS over motor cortex can produce simple movements. Over primary 
visual cortex, TMS can produce the perception of flashes of light or phosphenes 
(Amassian et aL, 1995). To date, these are the 'positive' behavioral effects of single 
pulse TMS. Other immediate behavioral effects are generally disruptive. Interference 
5 with, and perhaps augmentation of, information processing and behavior is especially 
likely when TMS pulses are delivered rapidly and repetitively. Repeated rhythmic 
TMS is called repetitive TMS (rTMS)- If the stimulation occurs faster than once per 
second (1 Hz) it is modified as fast iTMS. 

The ability of TMS to effect cognitive/behavioral or physical alteration has been 
10 demonstrated in several areas. Topper et ai have shown that stimulation over temporal 
lobe facilitates or improves picture naming (Topper et al., 1998). Grafman et al. have 
recently shown that stimulation over the prefrontal cortex, and not sham stimulation, 
improves analogous reasoning (Boroojerdi et al., 2001). The same NIH group has 
shown that 1 Hz TMS for 10 minutes can transiently suppress motor cortex or visual 
15 cortex activity, for up to 20 minutes following stimulation. 

According to the present invention, non-pharmacological systems and methods 
to inhibit deception involve the application of TMS to brains regions determined to be 
related to deception as determined through one or more functional brain mapping 
techniques. 

20 

Summary 

According to exemplary embodiments, functional brain imaging is used to 
determine the regions an individual uses to lie or deceive, and then the TMS is applied 
to that region of the brain while the individual is attempting to respond to a question. If 
25 the person is attempting to deceive, TMS will temporarily inhibit operation of this part 
of the brain during this attempted deception, and the individual will be unable to 
deceive. 

According to an exemplary embodiment, a TMS deception-inhibiting device is 
guided by functional brain imaging. In one embodiment, functional brain mapping 
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using fMRI is used in conjunction with specific methods of placing the TMS device 
over the identified regions of the brain. Embodiments of the present invention, 
however, are designed to extend beyond these specific technical methods, and cover as 
well any method of functional brain imaging (including but not limited to PET, SPECT, 
5 qEEG, MEG), as well as any method for positioning the TMS device, within or outside 
of the actual scanner. Moreover, the ability of TMS to produce focal lesions is not 
specific to any one form of TMS device (figure eight, round, etc), or any one TMS 
manufacturer. 

In one embodiment, fMRI is used to determine the brain region or regions that 
10 show activation while the person is deceiving. Once this area is identified using fMRI 
(or other brain imaging methods), TMS is applied over this region to temporarily, 
inhibit (or turn off) the ability to deceive. This inhibition is unique to deception and 
does not interfere with truthful responses. TMS applied to the regions identified as 
being important in deceiving make the subject unable to give deceitful answers. 
1 5 Additional advantages of the invention will be set forth in part in the description 

which follows, and in part will be obvious from the description, or may be learned by 
practice of the invention. It is to be understood that both the foregoing general 
description and the following detailed description are exemplary and explanatory only 
and are not restrictive of the invention. 

20 

Brief Description of Drawings 

FIG. 1 A depicts a subject individual being positioned for functional brain 
imaging using an MRI scanner. 

FIGS. 1B-1F illustrate details of a skin conductance monitoring system that may 
25 be used in conjunction with an MRI scanner. 

FIG. 2 depicts a subject individual with a TMS system including a 
translational/positioning system. 

FIGS. 3A-B are sample screens shown to test subjects during questioning for 
determining brain regions important for deception. 



WO 2004/006750 



PCT/US2003/021660 



6 

FIG. 4 depicts brain imaging derived from fMRI scanning during periods of 
deception. 

FIG. 5 depicts brain imaging derived from fMRI scanning correlated with EDA 
measures during periods of deception. 

5 

Detailed Description 

One or more preferred embodiments of the invention are now described in 
detail. Referring to the drawings, like numbers indicate like parts throughout the views. 
As used in the description herein, the meaning of "a," "an," and "the" includes plural 

10 reference unless the context clearly dictates otherwise. Also, as used in the description 
herein, the meaning of "in" includes "in" and "on" unless the context clearly dictates 
otherwise. Finally, as used in the description herein and throughout the claims that 
follow, the meanings of "and" and "or" include both the conjunctive and disjunctive 
and may be used interchangeably unless the context clearly dictates otherwise. 

15 Ranges may be expressed herein as from "about" one particular value, and/or to 

"about" another particular value. When such a range is expressed, another embodiment 
includes from the one particular value and/or to the other particular value. Similarly, 
when values are expressed as approximations, by use of the antecedent "about," it will 
be understood that the particular value forms another embodiment. It will be further 

20 understood that the endpoints of each of the ranges are significant both in relation to the 
other endpoint, and independently of the other endpoint. 

The systems and methods according to exemplary embodiments can involve use 
of a variety of equipment depending upon the particular embodiment. Therefore, the 
various specific equipment described herein is to be taken as exemplary only; those 

25 skilled in the art will readily appreciate that other equipment providing similar 

functionality can be used instead of or in addition to the specific exemplary equipment 
described herein. 
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Functional Brain Imaging 

According to some embodiments, functional brain imaging is applied to a 
subject to determine brain regions that experience significant activation during periods 
where the subject is making deceptive statements. In some embodiments, the 

5 functional brain mapping occurs solely as a calibration phase for determining relevant 
brain regions for use during an inhibition phase. In other embodiments, the functional 
brain imaging occurs during both a calibration phase and an inhibition phase. In such 
embodiments, real-time functional brain imaging data is initially gathered during the 
calibration phase and used to initiate the inhibition phase; further real-time data 

10 accumulated during the inhibition phase is then used as feedback to further tune the 
calibration phase data and enhance the ability to inhibit deception. In yet further 
embodiments, no calibration phase is required; rather, real-time functional brain 
imaging data is accumulated during questioning of the subject. This imaging data is 
refined during the questioning so that the ability to inhibit deception improves over the 

15 course of questioning. Any suitable functional brain imaging technique can be used 
including without limitation fMRI, PET, SPECT, qEEG and MEG. 

In some embodiments, real-time blood oxygen level dependent (BOLD) 
functional MRI (fMRI) analysis offers one approach to functional brain imaging. This 
approach enables the rapid interpretation of functional imaging results, even while the 

20 subject is still in the scanner performing the task. This method is very useful in the pre- 
surgical mapping of language areas within the brain. In its current implementations, 
fMRI appears sensitive enough to detect brain regions involved in many of the 
cognitive and emotional tasks involved in deception. This technology and recently 
developed expertise that allows for the recordation of electro-dermal activity (an 

25 important component used in current polygraph devices) during fMRI scanning, has led 
to vast improvements in the field of deception detection. Thus, the field of functional 
brain imaging has rapidly developed to the point where it is theoretically possible to use 
scanning to detect people who are trying to deceive, and further, allow for the coupling 
of this technology with other measures like the polygraph. This approach is described 
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in greater detail in Applicant's U.S. Provisional Patent Application Serial No. 
60/341,297, filed December 13, 2001, entided "System and Method of Detecting 
Deception by fMRT and the corresponding International Application No. 
PCT/US02/40142 filed December 13, 2002. The content of both of these applications 
5 is hereby incorporated by this reference herein for all purposes. 

In one such embodiment, the subject is next placed in a fMRI scanner such as 
1.5 Tesla Philips or Picker Edge 1.5T scanner and a structural picture of the brain is 
acquired as depicted in FIG. 1 A. Next, a series of questions for which the questioner 
knows the answer are asked in which the person makes either truthful or deceptive 
10 answers. 

Hie blood flow pattern recorded during truthful statements is subtracted from 
the blood flow pattern recorded during deceptive statements. Previous research has 
found significant activation in the right orbitofrontal and/or cingulate regions of the 
brain during periods of deception; however, other brain regions can be of significance 

15 as well. Using real-time functional image analysis, the area(s) of activation in the brain 
for that person during deception is identified and targeted with the IMS. 

A test of one such embodiment was performed using 8 male test subjects. 
While the BOLD fMRI scans were being acquired, a modified Control Question Test 
paradigm was utilized in which the subjects would give both truthful and deceitful 

20 answers about the location of the money. Through video goggles connected to a 

computer, the subjects were shown prompt screens and then pictures of the objects in 
the rooms where the money had been hidden as depicted in FIGS. 3A-B. If the subjects 
first looked in the TRUTH room, then they were shown only the TRUTH room objects 
first and then the DECEPTION room objects and vice versa if subjects were first shown 

25 the DECEPTION room. There were five objects in each room (ten unique objects in 
all), and the objects were each shown one time in a block for a total of four blocks per 
room. 
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Block of images repeated three times 
(total 4 blocks) with order within each 
block randomly changed 


Block of images repeated three times (total 
4 blocks) with order within each block 
randomly changed 



The order of the objects was randomized within each block. The items with an 
asterisk were hiding the fifty dollar bill in the respective rooms. The order of 
room/image presentation was randomized. Before the picture of the first object and 

5 between the pictures of every object in the room, a PROMPT screen was displayed that 
reminded the subjects of the instructions. The object and the PROMPT were each 
displayed for 10.2 seconds. Subjects were instructed to raise either one (yes) or two 
(no) fingers to answer the question of whether the money was hidden under an object as 
soon as the object was visually displayed in the goggles. This was monitored and 

10 recorded by an observer (LR). 

For the TRUTH room, subjects were instructed to accurately report the location 
of the money by holding up the right index finger (one finger) when they were shown 
an object under which the money had been hidden. This would be the "control" with 
which the deceptive answers would be compared. This controls for the potential 

15 confounds of brain changes associated with simply seeing an object that had money 
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under it. They were instructed to raise the right index and middle finger (two fingers) 
when shown an object under which the money was not hidden. 

For the DECEPTION room, they were to instructed to choose an object that did 
not have money hidden under it and respond affirmatively (right index finger), in effect 

5 creating a positive lie about the money location. They were also asked to respond 
negatively (right index and middle finger) to all other objects shown. They were thus 
consistently lying when the object with money hidden under it was shown (a hat). The 
money was hidden under the same object for all subjects. Subjects were told that a 
blinded investigator (to order of rooms visited and location of the money) would 

10 attempt to determine when they were lying by observing their behavior in the scanner 
through the control room window. If the subjects accurately reported the position of 
the money in the TRUTH room, then they would receive 50 dollars. If the subjects 
"successfully" lied without being detected for the DECEPTION room, then they would 
receive an additional 50 dollars. In fact, all subjects were paid the full 100 dollars. This 

15 instruction was included in order to increase the motivation and the anxiety during 
deception. 

MRI images can be acquired using a Picker Edge 1.5T MRI scanner equipped 
with an actively shielded magnet and high performance whole-body gradients (27 
mT/m, 72 T/m-sec). A 15-slice TE20 structural scan can be obtained to evaluate for 

20 any structural pathology. The Blood Oxygen Level Dependent (BOLD) fMRI can 
consist of 15 coplanar transverse slices (8.0 mm thick/0 mm gap) covering the entire 
brain and positioned 90 degrees to the Anterior Commissure-Posterior Commissure line 
using a sagittal scout image. Each fMRI volume can consist of BOLD weighted 
transverse scans and used an asymmetric-spin gradient echo, echo-planar (EPI) fMRI 

25 sequence (tip angle=90° to the Anterior Commissure-Posterior Commissure line; TE 
45.0 ms; TR 3000 ms; fifteen 8 mm thick / 0 mm gap transverse slices; FOV 300 x 300 
mm; in-plane resolution 2.109 x 2.109 mm; through-plane resolution 8 mm; frequency 
selective fat suppression). Given these parameters for the fMRI, a set of fifteen 8 mm 



WO 2004/006750 



PCT/US2003/021660 



11 

thick / 0 mm gap transverse slices covering the entire brain can be obtained every 3 
seconds. 

Functional MRI Analysis 

The data were analyzed with MEDx 3.3/SPM96 on Sun workstations using the 
5 Talairach and Tournoux brain template throughout. Initially, the MEDx motion 

detection function was performed using the center of intensity weighting method. Any 
motion greater than 2.0 mm would have been corrected using the MEDx 3.3 motion 
correction function (no subjects required motion correction). Next, individual volumes 
were spatially normalized into Talairach space utilizing the SPM Module 96 in MEDx 

10 3.3 . Algorithm parameters included Basic functions and smoothing x=4, y=5, z=l, 
iteration=2, smoothing=8.0, deformation=0.2, the SPM template corresponding to the 
original Talairach and Tournoux atlas31 and output voxel size 4x4x4 mm. Using the 
SPM module again, spatial smoothing was performed using 8x8x8 mm gaussian kernel. 
Intensity normalization was performed which first created a with-in-the-brain mask that 

15 only included voxels if they had intensity greater than 35% the maximum of each 

image volume for all time points and then scaled die remaining non-zero voxels in each 
volume in the time series to a mean value of 1000. We then performed high pass 
temporal filtering which filtered out patterns greater than twice the cycle length of 204 
seconds. Due to the SPM module performing another intensity mask during the 

20 upcoming SPM statistics step, a .tcl script was written to add 100 to all voxels outside 
the brain. When the SPM statistics was run, this ensured that no voxels we previously 
defined as within brain would be eliminated from the analysis but that voxels we 
previously defined as outside the brain would be eliminated. 

Using the SPM module on MEDx 3.3, statistical analysis with a delayed boxcar 

25 design without temporal filtering was performed. The epochs were grouped as Lie (the 
time period when individuals gave a false answer - both indicating that the object did 
not conceal money when it did {4 epochs} and indicating the object concealed money 
when it did not {4 epochs}), Lprompt (time period prompt image displayed just prior to 
each Lie {8 epochs}), Truel (time period subjects answered truthfully the location of 
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the money {4 epochs} and 4 truthful answers that the money was not under an object - 
temporally surrounding deceptive answers {4 epochs}), Prompt 1 (time period prompt 
displayed immediately preceding Truel epochs), True (time period of all remaining 
truthful answers {24 epochs}), and Prompt (time period of prompt immediately 
5 preceding True epochs{24}). Using these epochs, Lie minus Trueland Truel minus 
Lie was computed with no threshold (p=0.05 and uncorrected k (cluster size) = 1). The 
. individual unthresholded images were used to obtain a group and individual activation 
profiles. 

To calculate a GROUP result, for all individuals, the image calculator in MEDx 

10 3.3 was used to compute unthresholded lie minus Truel z-maps containing both 

positive and negative z-scores. Thus, we used the image calculator to obtain the result 
of (Lie minus Truel) minus (Truel minus Lie) z-maps for each subject Once this was 
obtained for all individuals, they were summed and then divided by the square root of 
eight to create the group fixed effects analysis unthresholded z-map. The resulting 

15 image was then analyzed with MEDx 3.3 cluster detection with a minimum of z=l .645 
and spatial extent threshold of 0.05. A low statistical threshold was chosen since our 
paradigm could only have a limited number of epochs of Lie. In addition, although we 
were directly testing our hypothesized regions, we were interested in analyzing the 
whole brain since we had no previous neuroimaging studies to focus our analysis. The 

20 resulting values were used to determine local maxima and visually present the 

significant clusters. The Talairach Daemon interface in MEDx 3.3 was used to identify 
locations of the local maxima. In addition, the Talairach atlasl was used to confirm the 
location of the significant clusters. The Johns Hopkins University BRAID imaging 
database at URL http://braid.radjhu.edu/index atlases.html determined the Damasio 

25 Talairach space definition of orbitofrontal cortex. 

For the INDIVIDUAL analysis, in a similar fashion to the group analysis, the 
unthresholded images of Truel minus Lie were subtracted from Lie minus Truel. The 
resulting image was analyzed using MEDx 3.3 cluster detection with a minimum of 
z=l .645 and extent threshold of 0.05. The resulting values were used to determine 
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local maxima and generate a visual representation of those significant clusters. The 
Talairach Daemon interface was used to identify location of the local maxima32. This 
was performed for each individual. In addition, the Talairach atlas31 was used to 
confirm the location of the significant clusters. 

5 Electrodermal Activity (EDA) Analysis 

In some embodiments, physiological and electrodermal activity (EDA) 
measures can also be obtained using techniques previously developed for polygraph 
systems. Hardware for gathering such measures can be used concurrently with the 
fMRI scan as depicted in FIG. 1 A or other functional brain imaging technique. 

10 FIGS. 1B-1F illustrate details of an exemplary skin conductance monitoring 

system designed to operate in a clinical magnetic resonance imaging scanner. It will 
monitor the electrodermal activity of a subject's skin during the acquisition of magnetic 
resonance images, and will filter out the electrical interference generated by the 
magnetic resonance imaging scanner. 

15 The system may be easily set up in a clinical magnetic resonance imaging 

scanner. It immobilizes the subject's wrist and provides constant pressure on the 
electrodes to maintain contact against on subject's skin. It allows researchers to 
monitor skin conductance responses while acquiring magnetic resonance images. 

FIG. IB illustrates components of an exemplary skin conductance monitoring 

20 system. The system includes an immobilizer, a door, a shielded cable, a monitoring 

circuit, and a computer. The immobilizer is a glove that immobilizes the subject's wrist 
and holds the electrodes against the skin. The door filters out high frequency noise 
from the scanner but allows the low frequency skin conductance signals to pass. The 
shielded cable conducts signals to the electronic monitoring circuit. The electrical 

25 monitoring circuit includes a Wheatstone bridge, an instrumentation amplifier, and a 
Butterworth low pass filter. The computer records the skin conductance signals. 

FIG. 1C illustrates details of an exemplary immobilizer. The design of the 
immobilizer was based on the need to 1) maintain constant pressure between the skin 
conductance electrodes and the subject's skin, and 2) be constructed of non-ferrous 
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materials so as not to be pulled into the bore of the scanner's magnet. As shown in 
FIG. 1C, the immobilizer includes skin conductor electrode leads, twisted to reduce 
pickup. Plastic butterfly nuts to adjust the pressure against the hand. Foam rubber 
padding immobilizes the hand. Air holes provide air circulation and comfort. The 

5 cable has stress relief that is anchored to the immobilizer body so that the electrodes 
cannot be disturbed by movement of the subject's hand Body. The immobilizer cradles 
the hand and prevents movement during the experiment. All materials may be non- 
ferrous, and include PVC pipe, plastic nuts and bolts, lexan sheets, and foam rubber. 
FIG. ID illustrates details of an exemplary door. The design of the door was 

10 based on the need to 1) install quickly and easily into the threshold of a clinical 

magnetic resonance imaging scanner room; 2) pass skin conductance signals from the 
interior of the room to electronic monitoring circuit outside the room; and 3) prevent 
radio frequency signals outside the room from traveling into the room through the 
signal wires. 

15 As shown in FIG. ID, the door includes a frame that may be made of alum in u m 

angle braces, and is lightweight and strong. Rows of contact strips are attached to the 
sides and top of the door frame. This makes the door fit snugly into the threshold and 
electrically connects the door to the metal shielding of the scanner room. Handles allow 
the door to be easily lifted and moved. 

20 A penetration panel has connectors for the twin BNC connector on the signal 

cable. Each line is filtered with a 400 Hz low-pass feedthrough capacitor. An inside 
connector attaches to connector on immobilizer cable, and an outside connector 
attaches to connector on shielded cable. This is shown in finer detail in FIG. IE. 
The design of the shielded cable was based on the need to pass skin 

25 conductance signals from the door to the electronic monitoring system. It may include 
"twinax" cable with twin BNC connectors at both ends. The entire cable may be 
shielded with a copper braid that is attached to the barrel of the twin BNC connectors. 

FIG. IF illustrates exemplary details of an electronic monitoring circuit. The 
electronic monitoring circuit includes a bridge, an amplifier, and a filter. These may be 
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built from conventional components. However, combining all these circuits for the 
purpose of monitoring human skin conductance in a magnetic resonance imaging 
scanner is a novel combination of these elements. 

Some embodiments can use electrodermal electrodes attached to the left hand 
5 and the data (sampling rate 100 per second) recorded using Lab View 5.0.1 on a G4 
Macintosh to gather the EDA measures. These measures can be used for a variety of 
purposes in conjunction with the functional brain imaging including without limitation 
verification, correlation and enhancement. In one embodiment, a compatible skin 
conductance response monitor is used such as described in copending, commonly 

10 assigned U.S. Provisional Application Serial No. 60/341,137 (Shastri et al), filed 

December 13, 2001 entitled "A Skin Conductance Monitoring System for Use During 
Magnetic Resonance Imaging (MRI)" the content of which is hereby incorporated by 
this reference herein for all purposes. 

The EDA data was converted to a text file by AS and AS. In order to correlate 

15 EDA with the functional BOLD signal, MEDx 3.3 analysis package requires an equal 
number of volumes and EDA data points. The EDA data corresponding to each 
volume (TR = 3 seconds) was therefore averaged using STATA. Thus, every 
sequential 300 EDA data points (sampling rate was 100 per second) were averaged to 
give 272 means that corresponded to the functional brain volumes to be compared. The 

20 volumes utilized were the ones that had been motion detected, spatially normalized, 
smoothed, intensity normalized, and temporally filtered (see above for details). Using 
MEDx 3.3, independent of the deception paradigm, the changes in EDA were 
correlated with BOLD fMRI changes using a Pearson's r correlation. This analysis was 
performed for each individual resulting in a z-map. One of the correlation z-maps was 

25 found to have a significant artifact and was not included in the individual or group 
analysis. 

For the GROUP analysis, the remaining seven individual z-maps were added 
using the MEDx 3.3 calculator and divided by the square root of seven. The resulting 
image was then analyzed with MEDx 3.3 cluster detection with a minimum of z= 1.960 
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and spatial extent threshold of 0.05. In the direct BOLD comparison above (Lie minus 
Truel), we were only able to use eight epochs. This study is thus underpowered 
relative to many in the field. For the correlational analysis, we were able to use all time 
points, and we were justified in using a larger z value threshold. The resulting values 
5 were used to determine local maxima and visually present the significant clusters. The 
Talairach Daemon interface in MEDx 3.3 was used to identify locations of the local 
maxima32. In addition, the Talairach atias31 was used to confirm the location of the 
significant clusters and the Johns Hopkins University BRAID imaging database for 
Damasio Talairach space definition of orbitofrontal cortex. 

10 For the INDIVIDUAL analysis, the individual correlation z-maps were each 

analyzed using MEDx 3.3 cluster detection with a minimum of z=1.960 and extent 
threshold of 0.05. The resulting values were used to determine local maxima and 
generate a visual representation of those significant clusters. The locations of the 
significant clusters were determined using the same technique as the group analysis. 

15 Subjects consisted of eight healthy right-handed men (mean age 25 years with a 

range of 21-28) with no significant history of psychiatric or medical problems. 
Average Annett Handedness score for right handedness was 1 1 with a range of 9 to 12. 
All subjects correctly responded truthfully for the TRUTH room and correctly 
responded in the DECEPTION room. Consistency of response was monitored and all 

20 subjects reported the same object for each block as hiding the money when it did not, 
although the object chosen for this positive lie varied across individuals. 
Group analysis for Lie minus Truel 

Image maps of the functional neuroanatomy involved in deception were 
generated. Within individual statistical maps to test for individual heterogeneity and 

25 the predictive power of imaging to detect deception were generated. 

Lie minus Truel is the subtraction that best isolates the act of deception by 
controlling for most confounds. The orbitofrontal cortex (OFCx) and anterior cingulate 
(AC) regions of the brain were found to be significant in the deception process. The 
data appears in the table below: 



WO 2004/006750 



PCT/US2003/021660 



17 



Z-Score 


X 


Y 


Z 


Structure 


3.49 


-64 


-40 


-4 


Left Middle Temporal 
Gyrus BA21 


3.05 


56 


•12 


8 


Right Precentral Gyrus BA 
44 


3.00 


44 


44 


-8 


Right Middle Frontal Gyrus 
(OF) 


2.89 


-36 


-48 


-32 


Left Cerebellum Posterior 
Lobe 


2.77 


-48 


-24 


4 


Left Superior Temporal 
Gyrus 


2.73 


-56 


-56 


-8 


Left Inferior Temporal 
Gyrus BA37 


2.48 


20 


56 


12 


Right Superior Frontal 
Gyrus 


2.32 


-28 


-32 


-28 


Left Cerebellum Anterior 
Lobe 


2.03 


56 


8 


20 


Right Inferior Frontal 
Gyrus BA44(OF) 


2.00 


12 


52 


0 


Right Anterior Cinguiate 
Cortex 


Listing Highest z score and Talairach Coordinates for Each Region 
Lie - Epochs of subjects lying about the location of the money (see text) 
Truel - Epochs of subjects accurately reporting location of money (see text) 
BA = Brodmann Area as determined by Talairach Daemon 
OF - orbitofrontal 



Individual Analyses for Lie minus Truel 

The heterogeneity among subjects in brain activation during the deception task 
was examined. Each individual was examined to determine if they had significant 
activation in any of these regions during the deception minus true comparison. Using a 
minimum statistical threshold of z=1.645 and extent threshold of 0.05, one subject had 
no significant activation, while seven others showed diverse activation patterns. No 
one brain region was found activated for all subjects when True epochs were subtracted 
from Lie epochs. The mean number of discrete regions identified by the group analysis 
that were activated by individuals was 2 per individual subject with a range of 0 to 6. 



5 



10 
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Group Analysis Correlating EDA Changes and BOLD-JMRI Changes 

For the group analysis, one of the subjects had significant artifact after the 
correlational analysis and was not included in the group analysis. Significant activation 
was found in the orbitofrontal and right anterior cingulate gyrus as depicted in the 



5 images in FIG. 5. The analysis of this data appears in the following table. 



Z-Score 


X 


Y 


Z 


Structure 


1 1 fid 

1 i.Krr 




32 


-16 


Right Inferior Frontal Gyrus (OF) 


6.98 


56 


28 


-8 


Right Inferior Frontal Gyrus GM B A 
47 (OF) 


5.11 


56 


32 


16 


Right Middle Frontal Gyrus GM B A 46 
(OF) 


5.01 


12 


36 


24 


Right Anterior Cingulate GM BA 32 


4.27 


-48 • 


-48 


40 


Left Inferior Parietal Lobule WM 










Left Inferior Parietal Lobule GMBA 
40 


3.89 


12 


8 


12 


Right Sub-lobar Caudate GM Caudate 
Body 


3.59 


48 


32 


36 


Right Middle Frontal Gyrus 










Right Middle Frontal Gyrus GM B A 9 


3.51 


64 


-32 


4 


Right Middle Temporal Gyrus GM BA 
22 


3.30 


8 


-4 


-4 


Right Sub-lobar GM Hypothalamus 


2.73 


-4 


-24 


40 


Left Cingulate Gyrus GM BA 31 


2.63 


56 


-40 


-16 


Right Inferior Temporal Gyrus WM 










Right Inferior Temporal Gyrus GM 
BA20 



This data demonstrates a link between EDA changes during deception and 
OFCx and AC activation. 

Individual Analysis Correlating EDA and BOLD-fMRI Changes 
10 Of the seven subjects (one subject with significant artifact), six had significant 

(z >L960 and extent threshold < 0.05) right orbitofrontal activation (see Figure 4), and 
five had significant (z >1.960 and extent threshold < 0.05) right anterior cingulate 
activation. No other regions consistently activated across individuals. 
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Transcranial Magnetic Stimulation 

The structural images acquired is transferred to a translational system that 
allows targeting specific regions in the brain based on MRI or functional brain scans. 
In one preferred embodiment, the translational system can be referred to as Brainsight 
5 (Rogue Research Inc.). Brainsight is an image analysis and frameless stereotaxy 
software system that enables the use of landmarks on the face and head (that are also 
identifiable on the MRI) to localize very specific areas of the brain. Other translational 
systems can be used within the scope of the present invention. 

Using the fMRI analysis, the brain regions that show significant activation 

10 during deception are identified on the structural brain images. Using Brainsight, the 
location on the scalp over these brain regions are identified and marked. The distance . 
from skull to cortex over the motor and prefrontal cortex is measured using Brainsight; 
a particular embodiment of this apparatus is depicted in FIG. 2. The TMS motor 
threshold is determined by using the standard method of the least percent machine 

15 output that causes the left thumb to move five out of ten times. The percent output of 
the TMS machine is adjusted to give 110% of the motor threshold to the prefrontal 
cortex; this can be accomplished in one preferred embodiment using the Bohning 
formula discussed below. A variety of translational systems and approaches to TMS 
delivery useful in the context of the present invention are discussed in copending, 

20 commonly assigned U.S. Provisional Application No. 60/367,520 (George et al\ filed 
March 25, 2002 entitled "Methods and System of Using Transcranial Magnetic 
Stimulation to Enhance Cognitive Performance" and the corresponding International 
Application PCT/US03/09463, filed March 25, 2003. The content of both of these 
applications is hereby incorporated by this reference herein for all purposes. 

25 The following formula (the "Bohning formula") can be used to adjust the dose: 

Delivered intensity (%MT) = MT *(EXP(-0.36*dPC))/(EXP(-0.36*dMC)) 
where dPC is the measured MRI distance (in mm) from the scalp to the prefrontal 
cortex, and dMC is the distance for motor cortex. This formula was derived based on 
knowledge of TMS physics and previous measurements of TMS magnetic fields with 
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MRI phase maps. It assumes that the effective stimulation intensity is proportional to 
the magnetic field measured at the center of the coil and has the same rate of 
exponential decrease with distance. 

The frequency is set to the TMS frequencies needed to produce temporary 
5 lesions; this frequency is preferably greater than about 4 Hz. Frequencies in this range 
have been identified to inhibit brain functions such as language in other parts of the 
brain. 

The TMS coil is positioned directly over the brain region identified as being 
activated during deception. Various coil positioning technology can be used. In one 

10 preferred embodiment, a positioning system is used such as described in copending, 

commonly assigned U.S. Provisional Application No. 60/381,411 (Bohning et al\ filed 
May 17, 2002 entitled "A TMS Coil Positioner System" and the corresponding 
International Application No. PCT/US03/15300 filed May 16, 2003. The content of 
both of these applications is hereby incorporated by this reference herein for all 

15 purposes. 

While the TMS is being delivered, questions are asked and answers given by the 
person being interviewed. The duration of TMS firing continuously is preferably only 
for about 10 seconds for safety considerations. Rest periods occur between firings. 
These rest periods can preferably be around 20 seconds in length; however, other 

20 embodiments can use longer or shorter periods. 

When the TMS is not firing, no questions are asked or answers given. 
Questions involve the person giving known truthful answers and possibly deceptive 
ones. The TMS inhibits the part of the brain that enables humans to lie. Thus, the 
person can only give truthful answers. 

25 Some embodiments can include a precursor step to functional brain imaging 

and/or application of TMS that involves evaluating the subject for potential risk. If 
potential risk is greater than a predetermined level with respect to a particular 
functional brain imaging technique, or particular parameter set associated therewith, 
and/or TMS configuration, or particular parameter set associated therewith, an 
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alternative technique, configuration and/or parameter set can be used. Such an 
alternative technique, configuration and/or parameter set can, in certain embodiments, 
be subject to its own potential risk evaluation with respect to the subject. 

Throughout this application, including the citation list below, various 
5 publications may have been referenced. The disclosures of these publications in their 
entireties are hereby incorporated by reference into this application in order to more 
fully describe the state of the art to which this invention pertains. 

The embodiments described above are given as illustrative examples only. It 
will be readily appreciated by those skilled in the art that many deviations may be ma< 
10 from the specific embodiments disclosed in this specification without departing from 
the invention. 
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